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METHOD AND SYSTEM FOR DERIVATIVES 
PRICING 

FIELD OF THE INVENTION 

[0001] The invention relates a method and system for 
derivatives pricing. 

BACKGROUND 

[0002] An option is understood to be a contract that gives 
a buyer a right, but not an obligation, to buy or sell an 
underlying asset at a speci?c price on or before a certain 
date. An option pricing formula, knoWn as the Black 
Scholes option pricing formula, provides a theoretically 
consistent frameWork for pricing options. Option pricing 
theory is also knoWn as Black-Scholes theory or derivatives 
pricing theory. 
[0003] There are basically tWo types of options: calls and 
puts. A call gives a holder a right to buy an asset at a certain 
price Within a speci?c period of time. A put gives a holder 
a right to sell an asset at a certain price Within a speci?c 
period of time. Entities that buy options are called holders 
and those Who sell options are called Writers. Based on the 
tWo types of options and the tWo types of entities that trade 
in options, there are a total of four types of participants in the 
options markets: buyers of calls, sellers of calls, buyers of 
puts, and sellers of puts. 

[0004] The price at Which an underlying asset can be 
purchased or sold, according to the terms of the option, is 
called the strike price. This is the price an asset must go 
above (for calls) or go beloW (for puts) before a position can 
be exercised. The strike price is distinguished from the spot 
price, Which is a current price at Which a particular asset can 
be bought or sold at a speci?ed time and place. 

[0005] There are tWo classes of options: American and 
European. The classes are based on When an exercise can 
occur. An American option can be exercised at any time 
betWeen its date of purchase and its expiration date. A 
European option can only be exercised at the end of its life. 
An option is Worthless after its expiry or exercise date has 
passed. This holds true for both American and European 
options. 
[0006] The calls and puts described above may be referred 
to as “plain vanilla” options. Plain vanilla options can be 
identi?ed as standard options. There are, hoWever, many 
different types and variations of options. Non-standard 
options are often called “exotic options.” Exotic options 
may use variations on payoff pro?les of plain vanilla options 
or may differ in other respects from plain vanilla options. 
Exotic options may also include completely different prod 
ucts that nonetheless carry some type of option ability. 

[0007] A “basket option” is one type of exotic option. In 
contrast to a plain vanilla option, the underlying asset of a 
basket option may consist of a number of assets. That is, 
NA; 1, Where NA is the number of underlying assets of a 
basket option. Accordingly, a basket spot price is the sum of 
the spot prices of each individual asset. The underlying 
assets may be, for example, commodities, securities, or 
currencies. This list of possible underlying assets is not 
meant to be exclusive, but rather exemplary. 

[0008] A calculation of a fair market value of an exotic 
option, such as a typical basket option, is a computationally 
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complex task that presently, using knoWn tools and methods 
such as Monte Carlo analysis, can take several hours using 
a personal computer. Such time intensive calculations have 
been typically relegated to the “back office area,” for tasks, 
such as risk analysis, Which may be performed once a day 
in, for example, a banking organiZation. What is desirable is 
a method to quickly and accurately evaluate a fair value, or 
approximation of a fair value, of exotic options, such as 
basket options. It is also desirable to have a system, incor 
porating the desired method, Which can be implemented on 
personal computers, Which can provide accurate results 
Within a fraction of the time noW taken by standard methods, 
such as Monte Carlo analyses. 

SUMMARY 

[0009] A method and system of calculating a net present 
value of an average spot basket option is provided. The 
method includes calculating a ?rst and second moment of a 
sum of spot values of all underlyings of a basket and 
applying a Black-Scholes formalism to the ?rst and second 
moments to determine the net present value of the average 
spot basket option. The method further includes calculating 
a modi?ed forWard spot, a modi?ed strike value, and ?rst 
and second modi?ed normal distribution functions for appli 
cation in the Black-Scholes formalism. 

[0010] Asystem in accordance With the invention includes 
a memory that stores data that is exercised in connection 
With determining the net present value, a processor that 
executes code to determine the net present value in accor 
dance With the a ?rst and second moment of the sum of spot 
values of all underlyings of a basket and the application of 
a Black-Scholes formalism to the ?rst and second moments 
to determine the net present value of the average spot basket 
option. 
[0011] The ?rst and second moments and modi?ed values 
may be given, for example, by the folloWing equations: 

[0012] Where <M> is a ?rst moment of the sum of spot 
values SJ-(ti) of all underlyings of a basket; 

[0013] E=<M>, Where E is a modi?ed forWard spot for 
all underlyings; 

NA NA 

[0014] Where <M2> is the second moment of the sum 
of spot values SJ-(ti) of all underlyings of the basket; 
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[0015] Where K is a modi?ed strike value; 

[0016] N(+d1), wherein 

[0017] and Where N(+d1) is a ?rst modi?ed normal 
distribution; and 

[0018] N(+d2), Wherein d2=d1—v and Where N(+d2) is a 
second modi?ed normal distribution. It Will be under 
stood by those of skill in the art that “modi?cations” are 
over that of the Black-Scholes theory as conventionally 
used by those in the art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The various features of the invention Will best be 
appreciated by simultaneous reference to the description 
Which folloWs and the accompanying drawings, Wherein like 
numerals indicate like elements, and in Which: 

[0020] FIG. 1 is a How diagram of a method in accordance 
With an embodiment of the invention. 

[0021] FIG. 2 is a flow diagram of a method in accordance 
With an embodiment of the invention. 

[0022] FIG. 3 illustrates an exemplary embodiment of a 
derivatives pricing system in accordance With an embodi 
ment of the invention. 

[0023] FIG. 4 illustrates a system suitable for practicing 
an embodiment of the invention. 

[0024] FIG. 5 is a table that illustrates: 1) the results of a 
determination of a ?rst net present value using a method 
disclosed herein in accordance With an embodiment of the 

invention, and 2) the results of a determination of a second 
net present value using a Monte Carlo approach. 

DETAILED DESCRIPTION OF AN 
EMBODIMENT OF THE INVENTION 

[0025] Asystem and method is presented herein to quickly 
and accurately evaluate net present value (“NPV”) and 
related key ?gures of exotic options. For purposes of 
example, an exotic option knoWn as an “Asian Basket 
Option” is used. An “Asian Option” is an option Whose 
payoff depends on the average price of the underlying asset 
over a certain period of time. This type of option may also 
be knoWn as an average option. An Asian Basket Option, by 
extension, may be considered as an option Whose payoff 
depends on the average price of the sum of the individual 
spot prices of each underlying asset in the “basket” over a 
certain period of time. The term Asian (basket) option 
includes tWo variants: average spot (basket) option and 
average strike (basket) option. While the embodiment 
described herein may be used for average spot (basket) 
options, those of skill in the art Will recogniZe that With some 
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straight forWard extensions/generaliZations the method can 
also be used for average strike (basket) options. The method 
disclosed herein is based on an analytical approach (i.e., a 
non-iterative approximative solution) that is able to be 
quickly calculated in comparison to the time required to 
calculate a similar value using common Monte Carlo based 
methods. 

Description of an Average Spot Basket Option 

[0026] A payoff of an Average Spot Basket Option 
(“ASpBO”) may be calculated on a basis of an average of 
the sum of the averaged basket spots instead of on a basis of 
the current basket spot. The samples for the average are 
taken at a given set of instants, t1, t2, . . ., tN, Where N is an 

integer value equal to or greater than 1. The instants may be 
any unit measure of-time, such as, for example, minutes, 
hours, days, or Weeks. 

[0027] For purposes of example, it is assumed that the 
averaging (of the average basket spot) is done arithmetically 
and With equal Weights. Explicitly, a payoff, for call or put, 
may be Written as: 

] Eqn. 1 

[0028] Where, the plus sign in front of the bracket in 
equation 1 is valid for call options and the minus sign is valid 
for put options. The quantity SJ-(ti) is the spot value of the jth 
asset at time ti. The quantity K is the strike price. 

[0029] In the formula of Eqn. 1, for the particular case of 
NA=1, the ASpBO is an average spot option (“AspO”). In 
the particular case of N=1 there is no averaging, therefore 
the ASpBO is a plain basket option (“BO”). Accordingly, for 
NA=1 and N=1, solving Eqn. 1 results in a plain vanilla 
option. The method of evaluating NPV disclosed herein is 
also valid for NA=1 and N=1. Therefore, the method dis 
closed herein can be used to evaluate both plain vanilla and 
exotic options. It Will be understood that the value payoffcan/ 
put of Eqn. 1 provides a value of an option at its expiration 

date. Values VCALL, VPUT, VCALL/PUT of Eqn. 2, Which 
appear beloW, are the discounted expectation values of the 
payoff at an instant before the expiration date. 

N 
A l N 

payoffcau/pm : Max 0, + /— Sj-(ti) — K 
jIl [:1 

Dates Related to an ASpBO and its Evaluation 

[0030] For an ASpBO, certain dates may be de?ned for 
use in an evaluation of its NPV. As used herein, the term 
“evaluation date” refers to a date for selecting the market 
and contract data. Market data may include, for example, 
interest rates, volatilities, correlations, current values of 
spots as quoted on various stock markets and other data as 

knoWn to those of skill in the art. In a preferred embodiment, 
the minimum market data needed is the spot value for each 
underlying valid at the evaluation date, the interest rate 
curve of the contract currency, one volatility for each 



US 2005/0222934 A1 

underlying, and also the correlation betWeen all the under 
lyings. In a preferred embodiment, contract data includes the 
expiration date of the options, the identities of the underly 
ings (e.g., underlyings can be stocks, foreign exchanges, or 
anything that can be exchanged. In a preferred embodiment, 
the minimum contract data Would be the identities of the 
underlyings and their amounts, and Whether it is a call or a 
put on the underlyings, the strike price of the underlyings 
(the price to be paid on exercise), and a timetable or schedule 
as to When the spot values should be ?xed in order to get 

their average. Furthermore, both parties to the exchange 
should specify the basis on Which to ?x the spots (e.g., the 
last quotation or the ?rst quotation of a certain day). 

[0031] As used herein, a “horiZon date” is a date for Which 
an NPV Will be evaluated. Accordingly, and as used herein, 
the folloWing abbreviations Will apply: 

[0032] tE Evaluation date (for selecting the market and 
contract data); and 

[0033] 
day). 

tH HoriZon date (the NPV Will be evaluated for this 

Assumptions for Mathematical Calculations 

[0034] The folloWing assumptions may be implemented 
during evaluation of an AspBO in accordance With a pre 
ferred embodiment of the invention: 

[0035] 1) Averaging is done at certain instants ti, i=1,. 
. . , N (discrete averaging). 

[0036] 2) For the sake of calculating the ?rst and 
second distribution moments (see Eqns. 7 and 10, 
infra, respectively), averaging instants are assumed 
to be equidistant. HoWever, non-equidistant averag 
ing instants can be accommodated. In most relevant 
cases, an error due to this simpli?cation is signi? 
cantly less than a global error of the approach. 

[0037] 3) Only European style options are treated. 
American options cannot be evaluated using the 
formula of Eqn. 2. 

[0038] 4) A matrix formed by the correlation coef? 
cients is positively semi de?nite. (This is a general 
expectation because all correlation matrices must be 
positively de?nite. If the product of a vector times a 
matrix times the same vector is greater than Zero then 

it is positively de?nite, if the product can be Zero 
then the matrix is positively semi de?nite.) 

[0039] 5) Usually, the spots SJ-(ti for dates ti<tE are 
?xed prior to the evaluation. While this assumption 
is not mandated by the mathematics, it is desirable in 
order to get some error robustness (When ?xings are 

missing). If, hoWever, ti>tE, the method described 
herein can implicitly appreciate the missing ?xed 
spots by “backward” valuation. 

Evaluation of an NPV of an ASpBO 

[0040] Referring noW in detail to the draWings, there is 
illustrated in FIG. 1 a How diagram of a method in accor 
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dance With an embodiment of the invention. The method 

begins at step 100. At step 102, an evaluation date for 
selecting market and contract data may be read from, for 
example, a memory 302 (FIG. 3). At step 104, contract data 
for a set of assets belonging to a basket may be read from the 

memory. At step 106, With knoWledge of at least the evalu 
ation date, the market data for the set of assets belonging to 
the basket can be read from the memory. At step 108, a 

horiZon date, that is, a date for Which the NPV Will be 

calculated, is read from the memory. At step 110, an indi 
cation of Whether the NPV is calculated for a call or a put 

is read from the memory. While the example above indicates 
that various data may be read from memory, those of skill in 

the art Will understand that, alternatively, the data, or any 
subset of the data, may be directly and manually input to a 
program executing a method in accordance With the embodi 
ment of the invention. For example, the evaluation date and 
the horiZon date may be input to the program running a 
method in accordance With the invention by the user of the 

program When prompted by a message displayed to a user. 
It is not a requirement that all data used for execution in the 

program be persistently stored in a memory. Furthermore, it 
Will be understood that any data read from a memory could, 

alternatively, be stored in a database (similar to 412, 414, 
FIG. 4), or other any other data storage devices or systems 
knoW to those of skill in the art Without departing from the 
scope of the invention. 

[0041] Those of skill in the art Will recogniZe that While 
the general order of steps 102, 104, and 106 may proceed in 
the order speci?ed, the order of steps 108 and 110 may be 
reversed or otherWise reordered or re-integrated before or 

interspersed With steps 102, 104, and 106. Furthermore, it 
Will be recogniZed that data may be read from the memory 
or may be otherWise applied to any variable storage loca 
tions used for execution of computer code in accordance 
With a method of the invention. It Will be further recogniZed 
that market data and/or contract data may have been previ 
ously stored in the memory as a result of, for example, 
another process that collects and updates these parameters. 
It is still further recogniZed that, in the example provided 
herein, While a single memory is described, the market and 
contract data may reside in separate memories Without 
departing from the scope of the invention. Additionally, it 
Will be recogniZed that the evaluation date, the horiZon date, 
and/or indication of call or put may be have been predeter 
mined or may have previously ?xed by some other appli 
cation. Furthermore, it Will be recogniZed that any data 
required for execution of a method in accordance With the 

invention may be acquired from memory 302 (FIG. 3) 
and/or database 412, 414, Without departing from the scope 
of the invention. 

[0042] At step 112, the NPV of the basket is calculated 
according to the equations and boundary values set forth 
beloW. It Will be understood that the abbreviation NPV is 

synonymous With VCALL, VPUT, OR VcALL/PUT. 
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[0043] Where 

[0044] N(x) normal cumulative distribution 

[0045] r(t1,t2) riskless domestic currency interest rate 
for the time span t1. . . t2 

[0046] q]-(t1,t2) dividend rate, or foreign currency 
interest rate for the time span t1. . . t2 

[0047] SJ-(t) spot price of the j-th underlying asset,j=1, 
. , NA 

[0048] 01- volatility of the j-th underlying asset 

[0049] pjk correlation coef?cient betWeen the assets j 
and k (the correlation is related to the logarithm of 
the asset prices) 

[0050] K strike price 

[0051] e is a predetermined limit, for example, in one 
embodiment 6 may be taken as 10_6, of course other 
values are permissible. 

[0052] Those of skill in the art Will understand that e’mlb 
T)(1“-tH) may be considered as a discounting factor for a time 
span from tH to T. Furthermore, it Will be understood that F, 
N(+d1), N(+d2), and K may respectively represent a modi 
?ed forWard spot for all underlyings, a modi?ed normal 
cumulative distribution function of d1 and d2, respectively, 
and a modi?ed strike value, Wherein the modi?cation is over 
that of the Black-Scholes theory as conventionally used by 
those in the art. Additionally, it Will be understood that once 
the ?rst moment, <M>, and the second moment <M2>, 
respectively, are determined using, for example, Eqns. 7 and 
10, respectively, then the variance of distribution at the time 
of maturity, v2, may be determined, using, for example, Eqn. 
6. Furthermore, the modi?ed strike value, K, can be deter 
mined, for example, by using Eqn. 4. The values of d1 and 
d2, may, of course, be determined, for example, using Eqn. 
3. These modi?ed values may be applied to Eqn. 2, in 
accordance With the invention disclosed herein, to determine 
an NPV of an average spot basket option. 

[0053] At step 114 the calculated NPV is displayed. From 
NPV one can calculate risk key ?gures, such as, for example, 
value at risk or sensitivity to market ?uctuations. One could 
also calculate a hypothetical price on the assumption of 
certain market conditions. 

[0054] In one embodiment, at step 116, the calculated 
NPV may be compared to a predetermined value. If the NPV 
is greater than the predetermined value then, at step 116, a 
?rst message is displayed, for example on output device 310 
(FIG. 3). If the NPV is less than the predetermined value 
then, at step 118, a second message is displayed, for example 
on output device 310 (FIG. 3). The method ends at step 120, 
folloWing either steps 116 or 118. 

[0055] The predetermined value may be assigned based on 
a hypothesis or assumption of, for example, hoW much a 
given transaction should cost. It Will be understood by those 
of skill in the art that in the ?nacial industries sector in 
general and among ?nancial engineers in particular, the 
hypothesis or assumption may have been a result of both 
qualitative and quantitative metrics and may involve per 
sonal or collective insight and/or experience far too complex 
to either quantify or qualify in this speci?cation. Nonethe 
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less, those of skill in the art are capable of making such 
hypotheses or assumptions and therefore determining the 
predetermined value. 

[0056] Those of skill in the art Will also recogniZe that the 
?rst and second messages may, for example, be instructions 
to an analyst to execute a trade, to vary input data, to 
postpone a trade, to request neW market and/or contract data, 
or to vary or otherWise alter the content of the basket. The 
preceding list is meant to be exemplary and in no Way 
limiting. 
[0057] The NPV formula expressed by Eqn. 2, above, may 
be used for the purchase of an AspBO. In the case of selling 
the ASpBO, the sign of the NPV must be changed. 

[0058] In the NPV formula expressed by Eqn. 2, above, 
the rates r and qj are continuously compounded rates. In a 
preferred mode, r(tH,T) is a forWard rate to be evaluated on 
the basis of the interest rate structure r(tE,t). 

[0059] Those of skill in the art Will appreciate that in the 
instance Where the underlyings are foreign exchanges, r is 
the riskless interest rate of the domestic currency and qj is 
the riskless interest rate of the foreign currency j. Accord 
ingly, the spot SJ-(tE) is the amount in domestic currency 
arising from the foreign currency amount to pay/receive on 
the option maturity T multiplied by the foreign-to-domestic 
exchange rate valid at tE. 

[0060] If the modi?ed strike K becomes negative, then the 
payoff Max[0,:(F-k)] is no longer a function exhibiting a 
non-analytical cut-off. Instead the payoff may be expressed 
as F-K for a call, or Zero for a put. 

[0061] In a preferred embodiment, the folloWing contract 
data and other ?xed data may be applied as input data: 

[0062] option type put or call 

[0063] N number of averaging samples (ie the num 
ber of averaging instants) 

[0064] m number of spot values already ?xed, Where 
tm§tE<t 

[0065] 
[0066] A(tE) average value of ?xed spots: 

trn+1 next averaging date 

[0067] the ?xed spot values SJ-(ti) are not required 
to knoW explicitly, for the sake of evaluation it is 
sufficient to knoW the average 

[0068] T=tN maturity, averaging end date 

[0069] K strike 

[0070] In a preferred embodiment, the folloWing market 
data may be applied: 

00 7 1 1 current S 01 rices ] E p p 

tE... 
r(tE, T) riskless interest rate for the time span 



US 2005/0222934 A1 

[0073] r(tH, T)Er(tE, tH, T) riskless forward interest 
rate for the time span tH. . . T 

[0074] q]-(tE,T) dividend rate for the time span tE. . . 
T 

[0075] oj=oj(tE) current implied Black-Scholes vola 
tility for the plain underlying j (underlying Without 
averaging) 

[0076] pjk correlation coefficients 

[0077] The formula of Eqn. 2, used in the method dis 
closed hereinabove, is derived originally from an analytical 
approach to evaluate Average Spot Options (“ASO”). That 
analytical approach is generaliZed to an evaluation of Aver 
age Spot Basket Options (ASpBO). The analytical approach 
is knoWn to those in the art as a “Levy approximation.” With 
the generaliZed Levy approximation, as expressed by the 
formula of Eqn. 2, it is not only possible to evaluate ASpBO 
but also to evaluate the particular cases of: 

[0078] 1) an ASpBO With only one underlying, i.e., 
actually an A50; 

[0079] 2) an ASpBO With only one averaging date, 
i.e., actually a plain Basket Option (BO) Without 
averaging; and 

[0080] 3) an ASpBO With only one underlying and 
one averaging date, i.e., actually a standard option, 
also knoWn as a plain vanilla option. 

[0081] Because the method disclosed herein is an analyti 
cal one, it is much faster than a statistical approach, such as 
a Monte Carlo (“MC”) based method. Using an MC method, 
a large number of trials of calculations that vary market 
conditions that may occur in the future are typically per 
formed. The greater the number of trials, the greater the 
accuracy of the MC result. In test cases using a 700 MHZ 
personal computer having an Intel® Celeron® processor, 
Where a target accuracy of <0.1% Was achieved, it took 
approximately 400 minutes using a MC approach but less 
than 1 second using the generaliZed Levy method disclosed 
herein. 

[0082] It is understood that the Levy method is for an 
option With only one underlying, With averaging of the spot. 
While one could try to combine methods of determining 
price for basket options and methods for average spot 
options and could try to sequentially apply these methods, 
the results are not good. These are approximations and the 
determinations of the required approximations Will have a 
strong impact on the price. While the modi?ed Levy 
approach is also an approximation, it provides a price that 
has the highest surety When compared to models using the 
MC method. While, in principal, one could achieve greater 
accuracy With Monte Carlo using a huge number of trials 
than With the modi?ed Levy approach, the greater accuracy 
Would come With a penalty of time, as each trial in a MC 
simulation takes a ?nite amount of time. 

[0083] It Will be recogniZed that the Levy approximation 
is essentially this: If the spot values SJ-(ti) are log normally 
distributed, the sum of these values is not log normal. 
Nevertheless, the sum of these spot values may have a 
distribution, Which approximately corresponds to a log 
normal one. The approach described herein uses a generali 
Zation of Levy. While Levy’s approach relates to one 
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underlying, the approach herein is generaliZed to use more 
than one underlying. From the generaliZation it folloWs that 
all correlations, not only betWeen pairs of underlyings, but 
also betWeen pairs of underlyings at distinct future instants 
are taken into account. The method disclosed herein is 
realiZed through a modi?cation to the boundary values of a 
Levy approximation, folloWed by an application of Black 
Scholes formalism. 

[0084] The main assumption of Levy’s approach is, that 
the sum of future spot values (i.e., the prices of the under 
lying at several future instants) are log-normally distributed. 
The extended assumption of the method disclosed herein is 
that the assumption holds also for the sum containing spots 
of more than one underlying. 

[0085] FIG. 2 is a How diagram of a method described 
herein, in accordance With an embodiment of the invention. 
The method of FIG. 2 starts at step 200. At step 202, a ?rst 
moment of a sum of spot values SJ-(ti) of the underlyings of 
a basket, at certain instants of time, is calculated. The ?rst 
moment may be expressed by the formula of Eqn. 7, shoWn 
above. At step 204, a second moment of the sum of spot 
values SJ-(ti) of the underlyings of the basket at certain 
instants of time, is calculated. The second moment may be 
expressed by the formula of Eqn. 10, shoWn above. In 
accordance With the method of the invention, at step 206, the 
?rst and second moments may be taken as parameters 
describing an approximate log normal distribution. At step 
208, a Black-Scholes formalism is applied to the ?rst and 
second moments to determine an NPV. 

[0086] There is no closed form solution for pricing ASp 
BO’s, BO’s, or ASpO’s. Acceptable approximative solutions 
should exhibit errors beloW some feW base points for usual 
applications. The approach described herein generaliZes a 
Levy approach to ASpBO’s. The Levy approach is intended 
for ASpO’s, see, e.g., David F. DeRosa: Currency Deriva 
tives: Pricing Theory, Exotic Options, and Hedging Appli 
cations, John Wiley & Sons, Inc. NY (1998). 
[0087] One example of a use of the disclosed invention 
relates to the hedging of incoming foreign cash ?oWs. 
Average spot basket options or particularly average rate 
foreign exchange (“FX”) basket options can be used to 
hedge incoming foreign cash ?oWs, Where the cash ?oWs are 
?oWing periodically (e.g., once a Week). The hedge can 
reduce the impact of ?uctuating FX rates. The expected 
losses can be bounded. The method and system disclosed 
herein for calculating NPV then alloWs a user to quickly and 
accurately, in comparison to knoWn previously used meth 
ods, determine NPV. The determination of NPV can be done 
in, for example, Within less than 1 second and yield a good 
approximation of the NPV. To get the NPV With the same 
accuracy by using a Monte Carlo method Would take several 
hours on a PC. This determination provides a measure of the 
hedge effectiveness or the Value at Risk (“VaR”) of the 
hedged portfolio. 
[0088] FIG. 5 is a table 500 that illustrates: 1) the results 
of a determination of a ?rst NPV using a method disclosed 
herein in accordance With an embodiment of the invention, 
and 2) the results of a determination of a second NPV using 
a Monte Carlo (“MC”) approach. The MC values Were 
obtained using FinCAD; a commercially available add-on to 
Excel. 

[0089] Evaluation parameters 502, Contract Data 504, and 
Market Data 506 are identi?ed. Results 508 are determined 
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using a method disclosed herein. Note that use of the method 
disclosed herein results in a determination of an NPV= 

4.078182314 (see 510). 
[0090] MC Results 512 are also identi?ed. MC results are 
calculated for a plurality of trials. A 100 times higher 
number of trials Will multiply the runtime by a factor of 
approximately 100. HoWever, in the same time the accuracy 
Will improve only by a factor of 10. An MC run With 40 
million trails Will take about 7 hours (ca. 400 minutes) on a 
700 MHZ personal computer having an Intel® Celeron® 
processor. The MC result using 40 million trials results in a 
determination of an NPV=4.078+/—0.002 (see 514, 516). 

Correlation Coef?cients in the Case of Foreign 
Exchange Underlyings 

[0091] In the case that the basket consists of foreign 
currency amounts, the correlation coefficients can be 
expressed by the corresponding volatilities. If currency rate 
pairs have one currency in common (eventually the local 
currency, for example United States Dollars (“USD”) at the 
foreign exchange rates of X=J PY/U SD, Y=EUR/U SD) 
the correlation can be derived from the volatility of the cross 

rate (Z=JPY/EUR): 

[0092] Where JPY are Japanese Yen and EUR are Euro 
pean Union Euros. 

Correlation Option 

[0093] A long position in a correlation option (CO) is 
composed of a short position in a BO and of long positions 
in plain vanilla options for each underlying contained in the 
basket. Alternatively, the CO may consist of an ASpBO and 
of corresponding ASpO’s. The nominal amounts of the 
assets in the baskets are equal to those of the underlyings in 
the single options (plain vanilla options or ASpO’s). The 
strike of the (ASp)BO is equal to the sum of the strikes of 
the single options. The other parameters (option style, matu 
rity, averaging days etc.) are the same for all components of 
the CO. 

Valuation of Correlation Option 

[0094] The price of the CO is the difference of the sum of 
all participating strip options and the BO. The price of each 
component of the CO is obtained by using the formalism 
described, for example, in Eqns. 2-14. 

NA Eqn. 16 
correl .opt. _ strip opt. basket opt. 

Vput/call (1H) — Z Vj.put/call([H) _ Vput/call ([H) 
F1 

[0095] The valuation of the correlation option of Eqn. 16 
is valid for CO’s Whose spots are averaged or not averaged. 

[0096] FIG. 3 illustrates an exemplary embodiment of a 
derivatives pricing system 300 in accordance With an 
embodiment of the invention. The derivatives pricing sys 
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tem 300 illustrates an exemplary system 300 capable of 
executing computer code in accordance With an embodiment 
of the invention. The system 300, may include a memory 
302, a controller or processor 304, a netWork interface 306, 
an input device 308, an output device 310, a database 
interface 312, all coupled to bus 314. While the diagram of 
FIG. 3 illustrates the exemplary items 302 through 312 as 
being coupled to a common bus 314, nothing herein should 
be construed as requiring the exemplary items 302 through 
312 to be collocated or even to be restricted to use of a 
common bus 314. 

[0097] Computer readable memory 302 may store com 
puter program code segments Which, When executed by a 
processor or controller 304 implement the functionality for 
this embodiment of the invention. The memory 302 may be 
any memory including, for example, static or dynamic 
random access memory, or ?ash memory. Memory 302 may 
store an operating system in addition to any instructions 
required to perform a method in accordance With an embodi 
ment of the invention. Memory 302 may also be used to 
store market and/or contract data, but such market and/or 
contract data may alternatively or additionally be stored in 
an alternative location, such as a data storage device such as, 
for example, a hard disk, CD-ROM, or tape drive. Market 
and/or contract data may alternatively or additionally be 
stored in an alternative location, such as in a database 412, 
414 (FIG. 4). 

[0098] The controller or processor 304 may run executable 
code and process instructions required to perform a method 
in accordance With an embodiment of the invention. The 
controller or processor 304 need not be dedicated to running 
such executable code or processing such instructions and 
may additionally be used for other applications. For 
example, the controller 304 may be used to perform an 
e-mail application. 

[0099] The netWork interface 306 may, for example, be 
any sort of data transmission or receiving device, such as a 
modem, a netWork interface card, Wireless device or a 
telephone line transceiver. The netWork interface 306 opera 
tively couples a communications netWork 406 (FIG. 4) to 
the controller 304 via common bus 314 and possibly other 
intermediary nodes such as, for example, local exchange 
carriers (LEC) 404, 408 (FIG. 4). 

[0100] An input device 308, such as a keyboard or any 
type of data input unit, may be included in the system 300. 
An output device 310 may include any device or combina 
tion of devices that convert electrical signals to, for example, 
video images or printed images, Where images includes 
textual representations of results of a method in accordance 
With the invention. The output device 310 may be located 
With the system 300, but may alternatively be located 
remotely from the system 300. Output device 310 may be 
coupled to controller 304 (and bus 314) via, for example, 
Wireline, Wireless, radio frequency, infrared, or optical links. 

[0101] The database interface 312 provides an interface 
that couples the system 300 to a database 412, 414 (FIG. 4) 
to give the controller 304 access to data including, for 
example, market data and/or contract data. 

[0102] FIG. 4 illustrates a system suitable for practicing 
an embodiment of the invention. FIG. 4 illustrates an 
exemplary embodiment of a derivatives pricing system 400 



US 2005/0222934 A1 

that includes a communications network 406 coupled to 
several terminals, here exempli?ed by terminals 402 and 
410, via local exchange carriers (“LECs”) 404 and 408, 
respectively. Databases 412 and 414 are also included in the 
exemplary embodiment of the derivatives pricing system 
400. In the exemplary embodiment of FIG. 4, terminals 402 
and 410 each are capable of executing computer code 
embodying a method in accordance With the invention. 

[0103] A ?rst database 412 is illustrated as being coupled 
to terminal 410. Such coupling may be, for example, via a 
direct connection or via a local area netWork. A second 
database 414 is illustrated as being coupled to the netWork 
406. The second database 414 may be accessed by either 
terminal 404 or terminal 410 or both. The databases 412 and 
414 may be stored on any memory device such as, for 
example, an optical or magnetic memory device. The data 
bases 412 and/or 414 may each be referred to as a subscriber 
database as they may contain data that is unique to an 
individual subscriber. 

[0104] The communications netWork 406 may be may be 
any type of netWork that carries communications including, 
for example, a public sWitched telephone netWork, the 
Internet, an intranet, a local area netWork (LAN), a Wide area 
netWork (WAN), or any combination of communication 
and/or data-bearing netWorks including Wireless netWorks. 

[0105] The terminals 402, 410 may be, for example, 
personal computers or Wireless devices capable of executing 
computer code in accordance With an embodiment of the 
invention. Any combinations of terminals are Within the 
scope of the invention. 

[0106] The disclosed embodiments are illustrative of the 
various Ways in Which the present invention may be prac 
ticed. Other embodiments can be implemented by those 
skilled in the art Without departing from the spirit and scope 
of the present invention. 

What is claimed is: 
1. A method of calculating a net present value of an 

average spot basket option, comprising: 

calculating a ?rst moment of a sum of spot values SJ-(ti) of 
all underlyings of a basket; 

calculating a second moment of the sum of spot values 
SJ-(ti) of all underlyings of the basket, Wherein the ?rst 
and second moments are approximate log normal dis 
tributions; and 

applying a Black-Scholes formalism to the ?rst and 
second moments to determine the net present value of 
an average spot basket option. 

2. The method of claim 1, Wherein the ?rst moment of the 
sum of spot values SJ-(ti) of all underlyings of a basket is 
given by: 

N 1 A 
__ g'U r15) 

(M) - NJEIISUEW 1 mt [j a 

if tE<t1 then set m=0. 
3. The method of claim 2, Wherein the ?rst moment is a 

modi?ed forWard spot, F, for all underlyings. 
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4. The method of claim 1, Wherein the second moment of 
the sum of spot values SJ-(ti) of all underlyings of a basket is 
given by: 

NA NA 

if tE<t1 then set m=0. 
5. The method of claim 1, further comprising: 

calculating a modi?ed strike value. 
6. The method of claim 5, Wherein the modi?ed strike 

value is given by: 

Wherein trn is latest instant With an already ?xed spot. 
7. The method of claim 1, further comprising: 

calculating a ?rst modi?ed normal distribution function. 
8. The method of claim 7, Wherein the ?rst modi?ed 

normal distribution function is given by: 

N(+d1),Wherein 

9. The method of claim 1, further comprising: 

calculating a second modi?ed normal distribution func 
tion. 

10. The method of claim 9, Wherein the second modi?ed 
normal distribution function is given by: 

11. Amethod of determining a net present value (NPV) of 
one of a call and a put (Vwn and Vput, respectively) of an 
Average Spot Basket Option as a function of a predeter 
mined horiZon date (tH), comprising: 

reading an evaluation date into a memory; 

reading contract data for a set of assets belonging to a 
basket into the memory; 

reading market data for the set of assets belonging to the 
basket into the memory; 

reading an indication of Whether the NPV is designated 
for a call or a put into the memory; 

calculating the NPV according to the folloWing equations: 
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-continued 

VcauUH) = [MHINF'MFF- 1?] ~ 
for”; 5T and K50 

VpmUH) = 0 

Veal/M1014) : O, for [H > T where 

F 
lnT v 

g1=—K+—,g2=g1—V 
v 2 

NA 
~ 1 m Where I,,, is latest instant 

K = K- E —ZSJ-<m. . N H with an already ?xed spot 
F1 i 

F = (M) 

1 _ Bay-(Newt: 
E = i, if IgjhI > 5 otherwise 

1 — egfh 
J 

Nimil 

E : egjhi 
j 1:0 

NA NA 

if [E < 11, 

then set m = O 

+ _ 

(1 - egfh)(l - Aging/WWW) (1 - egkh)(l - AgW/WFU") 

otherwise 

2: 
lNimil Nimil [*1 

h: ,ifN-m>l,otherwiseseth=l 

where 

N(x) normal cumulative distribution 

r(t1,t2) riskless domestic currency interest rate for the time 
span t1. . . t2 
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q]-(t1,t2) dividend rate, or foreign currency interest rate for 
the time span t1. . . t2 

SJ-(t) spot price of the j-th underlying asset, j=1, . . . , NA 

01- volatility of the j-th underlying asset 

pjk correlation coefficient between the assets j and k (the 
correlation is related to the logarithm of the asset 
prices) 

K strike price 

6 is a predetermined limit; and 

displaying the calculated net present value on a display 
device. 

12. The method of claim 11, further comprising: 

comparing the determined net present value to a prede 
termined value; and 

if the net present value is greater than the predeter 
mined value, then displaying a ?rst message on an 
output device, and 

if the net present value is less than the predetermined 
value, then displaying a second message on the 
output device. 

13. Asystem for determining a net present value of one of 
a call and a put (VCall and Vput, respectively) of an Average 
Spot Basket Option as a function of a predetermined horizon 
date (tH), comprising: 

a memory that stores data that is exercised in connection 
with determining the net present value; 

a processor that executes code to determine the net 
present value in accordance with the equations: 

forIHsTandksO 
VpmUH) = 0 

Vcau/pu, (1H) : O, for [H > T where 

F 
lnT v 

g1=—K+—,g2=g1—V 
v 2 

NA 
~ 1 m where rm is latest instant 
I<=I<- E —Zsj<m. . . 

N H with an already fixed spot 
F1 i 

F = (M) 

N 
l A . 

(M) : ?zSj-(tmegiumflitmx, if [E < [1 then set m = O 
F1 j 

1 _ Bay-(Newt! 
E = i, if IgjhI > 5 otherwise 

1 — egfh 
j 

Nimil 

E : egjhi 
j 1:0 
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q]-(t1,t2) dividend rate, or foreign currency interest rate for 

(1 - elgjrpjk‘rm J")(1 - e(gj+g/< *Pjk ‘Tm 1h) ’ 
SJ-(t) spot price of the j-th underlying asset, j=1, . . . , NA 

lgjhl > 8 O . . . . 

o- volatility of the ]-th underlying asset 
lgkhl > 8 O 1 

if |(gj + gk + pjkajakml > s O pjk correlation coef?cient between the assets j and k (the 
Kg]. + pjkUjUkW > 5 Q correlation is related to the logarithm of the asset 

'(gk + Maj-1mm > 5 prices) 

K strike price 
otherwise 

e is a predetermined limit; and 
Z egjhlggwpjklrm V“ + 2 e(gj+pjk‘Tj‘Tk]hleg/<hi_ 

' ' :0 an output device that displays the net present value. 


